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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high electron 
mobility transi&tor(HEMT) of GaN compound sernicon- 
ductor where a high voltage can be applied. 

SOLUTION: A laminated structure A is composed of 
an l-type semiconductor layer 3 and an N-type semi- 
conductor layer 4 laminated in this sequence on a 
semi-insulating substrate 1 % wherein the semiconduc- 
tor layers are all formed of GaN compound semicon- 
ductor A gate electrode G is provided in the N-type 
semiconductor layer 4 through the intermediary of a 
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P-type semiconductor layer 5 of GaN compound semi- 
conductor, a source electrode S and a drain electrode 
□ are provided direct onto the N-type semiconductor 
layer 4. and the P-type semiconductor layer 5 is a 
s ingle- layer structure of P-type GaN layer or P-type ln- 
GaN layer or a two-layered structure composed of a 
P-type GaN layer and a P-type InGaN layer. 

COPYRIGHT: (Q1999JPO 



3a. 




https://www.delphion.com/gifcache/JPl 1261053A2.tif . I.s0.50.r0.gif 



6/6/2005 



cm>b*www (j p> (12) & ft & & $[ ( A ) (wmtmzmm 

-261053 

(43)&HB ¥j£ll¥(1999)9J!24B 

mm% f i 

HOIL 29/80 H 



(2l)fflH## 


ftH¥10 -57070 


(71)fflBA 


000005290 










(22) ABB 


¥/£l0^(1998)3/!9B 










(72)369» 


web m 






















(74)ft8A 





(54) BSE©**] 



(51)IntCl. 6 
HOIL 29/778 
21/338 
29/812 



(57) [gift] 

[M] GaNXtt£«¥aMfc0>6l£9. WEEfflJQ*5 
WttfclSWtth*:/*?** (HEMT) ftSWIf*. 

4£*fl*6««3. n 4 0±5C« G a NMt£ 

9&m#* zi&zp &¥*mi 5 *ftvx y- h ssg 

*WfSh. *fcnffl49WM4©±<CttiISv-;i* 

**«B5*J. piGaNIfcKiJpflnGaNI 
Ollil, SfciJpMGaNJIJCpgl nGaNM 




(2) 

1 

inw* i ] *imi«»r©±k. i mm»m. n 
n. ma&ftHtiiKorti *> g a N&{t&mm#tp 

iiuiBnS¥&{*g©±KBGaN^{b£«J¥g 

\Wm,2 ) MBpS¥$WIrt*, p3!GaNJf&L 10 
<«pSInGaN|<DlMlfi > SfcttpfGaNf 
(CpSI nGaNH«8M0rjifi22M|ji?»SI»« 
Bl©**ttKh5>y*$r. 

[000 1 ] 

t&Ph&Zimitig.Y 1 7->V>X$ (HEMT) tcpgU. 

[0 00 2] 20 
HEMTB, «WliKHtf>v.f*n8JR 

^^**m>rii»sftTt»*©j&jawc**. m 

*.«. ¥iffiiStt»S©±{C iSGaAsBinlGaA 
l.As,..l*»t&J5Sg|U ft«OnIGaAl, 
AS..J01K. V-XfWiFU^>««W»«S 
ft, EK:m«pSGaAsli*^0-cy-hf|g*58 

ftfcitjg© 6©*sa?.tit t> *. 

[0 00 3] C©<#g©HEMT©t§£, x = 0.25 
OtJOx^Kw^pa^i, nSGaAl 30 
o. ls A s,. 7! Ji<f: i MGa A sJf©^-rng-£|?ffi&c:te 
ttS'vfnWg (AEc) imo .2 6eVtC&n>Tl,> 
t, ifftittatcii^rtt. 3IKJtftJIWc2X7ai? 
^XB*s^fiRStiSt^SI{c&.oTi>S. *t,T, y-* 

ESrEfflFrSCiKJ:^ *EnSGaAl,As,.J 

frbtt^oTiam-rz i sg a a s m^m+tfm&z 
ft> ^sn/cm-f-«irfas^ffir2^7cm^*'x^ 

Ku-f ^^fi^iKa-c^nr h emt mtzmmt 

2&rc^a*#XJI^©^©H0ji©a&IIB 

[0 0 0 4] bfrbttifib, GaAs*HEMT©i§ 
^f-d}g^WffiicteW^3i^A>F«0.2 6eV 

(x=o.2 5©it> -c*o, zot&tmmnfi- 

E£ EITOD L r * cwtTK*«J|i 5 C i «: <fc 9 K 



1 1-261053 

2 

W**fflt»fcH EMT©SS^if^ftonr t»4. 
[0 00 5] CftB, GaAl,N,.,iGaNi©'Nf 
nS^UffitcteWS-^f n»S (AEc) Hafc0.6 7e 
YC&K), Ga A s^©t§£K:J±^-C#j2 .6{gii«t,^ 

*^*©jUMra*9M<>2 x 1 o 

'V/an-C*0. G a A s Si©t§aGttb-<T 1 ffij\&i,*<D 

SffefcKCB. GaAsjRKJt^T^aME 
£1 0fggg*t<T£t£#r££A>6r$).5,. 
[0006] COGaNSHEMTilttt, 
©J:5afe©#MOCVDffi*ffll»T*Bfi3ftTlr»5. 
-<r&to*,$-f. #ffiilt(D^7 7 -fTSS©±CC, Al 
N>ty:7 7jfA5jj£lg3ftS. '^O'C. GajfiiLT I- 1/ 

lNA»7T»©±{ciaGaNJiaiHfcB3ft. M(c h 
Uj'^^T^S^^A^A 1 JK<b l/ffriB i SfGaNH 
OiKnIA 1 GaNJf*5fiflK$ft.*>. -e-LT, C©n 
MA 1 G a NUtcft UT«tt©* h 'J y^57 ^ -ii 

"y5 i >^f -5 ?<:©%. m^ommic^-hmm, y- 

[000 7] C©GaN*HEMT©«£. iSfGaN 
ginSJA 1 GaNlCsfng^I, JlttfttCK i 
fiGaNJi©«±Ji«:2«7E«^^Ji3&J»J«3n, C 
C4*^*tKa»ttUrHEMT*fP*IHW"*. C© 
i*. «^©KIMWt*JBirafc«>.tCB. C©iS!G 

[0 008] 

[3&93#ll?fcb<J:5£T*P!S] bfrLiZifit>> ±130 
fcGaN£HEMT©t§£. Ga A s^HEMTJCib^ 
tifcWt>«E©ffi!llBir«B'C*5*J. EftSffiftttfttf 
B«3tir(,>4l^©tt«K:»LT«!^r t 
^«lS J &*»-rSfe©£BI,>l»*sfcC>. *|E6KBSf* 
©GaNSH EMTKfcW £±12 l/fcftlgl&fi&ft L , A 
HEtt*«*TI,»4§r«flHB©G a NSH EMT©g{* 

[0009] 

fc»tc. ttficteotB, 3MMtte«S©±K:. i m 

mm. nmmtwmicotmxmmbxf&mm 

flK&WBSSft, «IBS*3WMIBl»-J*titGaNJR{b 
gftMNMfcfefejftr). «IBnS*«*Ji©±«:«GaN 

m^*$ft*>6i$spM¥$#Ji£^LTy-- hm 

pKGaNJifcKBpi!! nGaNJl©l 
WSii. SfcBpSGaNHCCpSI nGaNi^lB 



3 

[00 10] 

[&§!©xtfc©j£ft] ar, *»w©hemtk^#. 

»«©HEMTtt. l©±fc. ;<,7rl 

A^JSSn. n M¥sSfWB 4 ©±JCtt v pa¥3tfttl 

s, Fi/^>««D3&s**i*«i*aisnfc«aKftor 

[0 0 1 1 ] COHEMTSJ, GaNM^iftK 
*f L/ T M 0 C V DS-^M O M B E Wt i'fiftOx f $ * 

itSftS. CC-C. ¥*S*tt»R 1 i t,T«, C©±CC 

*>6«5 C 4*i*3fett#* u»#. G a NJRKHl/t tt 

MAIW7 7 ^7, S ilMSSfci'©^* 
tt1*«©S«r**i«j:i». $& v A->7 7 M2iLr 
tt. GaNJl*J»?Sti4. 

[0012] i a¥*ttff 3 £Ga N«ffc^» 
**»itrtt. m«. ifGaN, illnGaN 
tt<5r**tf5C4#T*5. 4<CC. iaGaNtiSfjl 

«Kft i SGaN©*tiJ:«)t>/h3t,>*>Silfc«R^* 
iSIn,Ga,.,.,AI,N(fcJt'(;, 0<x< 
1. 0<y<0.2) «iS^NW*JB3 4brfflC>5Ci 

[0013] n32¥3§#JI4£»fiRf *G a NS4b£& 
30*ft:4LTtt> nIAlGaN, nIGaN 

ftf«*(/eC£«t-C»S. Cft6©9S. nSAlG 
aNtti?jSras. /•?> K+> >:7-i*;l<*--#s 
±IBnMA 1 GaN©-enj:0 fe/hSt>*>*fctt^T 
**ltf. nSIn,Ga,.,.,Al,N (tctiL, 0<u 
<1. 0<v<0.5) *naft*M£(/C/Bt>*C£ 

[0 0 14] CCDna49mW40aHtC«l>«naF 

*tf5C4*»T*S. C©nffl¥*f«14©±R:ttiI» 

4, W#r^r^-5 j> *jgj»£|gag;*-(tSfc«>. -ess 

WS(/l>„ WfcfcfnaFwO h#S i 
tt. 5x l 0 17 ~5X l 0 , 'cm- 3 gg©?Ig{CT'5. 
[0015] 5fcfc. p a*iif*Jl 5 Zm&tZG a NJR 
ffc^lMNWt:4 l/Ttt. plGaN, pIInGaN^ 
*W , *C4#-C#£. COpa^ftSSti, pIGa 
N». piInGaNl©-fWniI*>6fcWt 



C3) # g§¥ 1 1 -26 1 05 3 

4 

fcjrutf. pSGaNiOJ:KIlCpSInGaNH& 

Mi/cas2JMtftic-r ictmmvbz. c© P 

«. W^tf^/IMg (MB E&TI&JilT 
n^>aryx^.;l,v^i/^A (MOCVDffiT?(S&T 
&4*%*^SCi*Sf#5. C©4*©paF 
-A->h©i8gB5X 1 0 ,7 ~5 x 1 0"an-'m&(Ct 

[0016] *atc> y- f-sffiGfctfusf stffl4 t, 

10 tttm«Au/Pt, A 1 &4£&tf£t4#T'# > 
$fcy- f-«fiG**Ji5T3tm£ 1/ A u , 
T i/A 1 fti*4*lfSC43&ST*S, C©tftg©HE 
MTB, y-F*ffiG©T#pn&£*»JlK:Ji-5'a> 
•S. fit, y-hmffiG^emEEPtt^f^i. nS 
¥i£&J14 4 i a*iIftJi3©~.^n«£J?B. jtftft 
fctt. i a^ftd 3 ©ftJJiWK: 2 -^jtmi-iixm 3 
a«3tl, -ecKna^tt:a4*>6ffi*&3nfc« 

WHDiaafch. *arFW>««D^«uvcHE 

20 [0 0 1 7] ■?•©*§£, y-FmSGitT©pnS^© 

ttt(c«t»3^j|©++yTaArsE*i$fJ®Sti > *>-5 
W $ tifc«EK «fc -5 r * ♦ *;HBI*ifch, S WfteMfli 
rse4#*fl»(cft*©-e. irie2;x7nm-f-^i3 a 
^wssrasmt & c 4 # ajmic & k> , 2 -Xkm^ij* 

M3 a^©*T-©B&Di£«>8WI*>if < % THT-©if 31 

[o o 1 8 ] 4 < k. pa^i*»5*sffeofcpaG 

aNipfl n G a N © 2 Jg«® tt & -d T t> 
[0 0 19] 

[*»] SI f^LfcS^1fjg©HEMT^MOMB 
EffiKi»)*©J:5«:i/-cllJfiLfc. ^*fi«4© 
S i IMtHS© 1 ©±fc, GaiSiOr^JiGa (5x 

1 O-'Torr) . NWkLXisji ?)lt (5x1 
0- s Torr) fiXSSS6 4 0'Ctxb'$t->t;l' 

fiSfi^rfft/*. /f*5 0 A©GaN/-«f 7rJi2*fia0IL 

40 [0020] OUT. N8S£7>^T (5X1 0" s To 
rr) £$]»}&*. fi£gjag?r8 5 O'CKlgLtxfi 
*~>f ->1'J&&Ht(,\ /1^500 0A©iaGaN^3 
%fi£JiL//c„ C©4^©+-py7?SSK5xi 0 

[0 02 1 ] O^f. ^HAl (2xiO-'Torr) 
J&L. SfcnaF-.'Ohitr^ISS i (2X10" 
Torr) *m&L, fi£gag8 5 0'C-Cif^^> + ;UfiS 
S^SfeH/T, /i*3535 0 0A©naA 1 GaNB4?r 

fiSML/c cct*. +f ';7?sa«ix i o^cin^i 

so &5«fc5«:jaE«Miff*H3eofc. our. £HS i ©ft 



5 

pSK-'OhiLT&IIMg (5X10" 
Torr) **Mtl,'Zf8mmft>kmf, iWIBnlSA 1 G a N 

C©£t, *+'JTfggttlx 1 0"ar'£4SJ:9K 

[0 02 2] -o^f. ^JRiT^^iy^^OS^ 
* 4 75 Xvft L fc ©£ x 5> 9 + > h K 1/ T F 7 -f i 

MGaNISSri? f^mSltnl,] nGaN@44 

*m$<ffc„ •?•©&. ^©sii^aL/Ts i o,m 

fc, iySA l ^MM'fic tec J: *) . y-xm&S£F 

[0023] *«. liiiavX+>^?:i^?>^S 
U *©T©S i 0,B*BBCIU y-^«StFU 
-OSgGOSiJr* S i 0,Brv;**>d/Lfc©^. 
JJJHPSK: A u ^ItltplG aN15 ©±{c«y 
-F«ffiG4«^L-CEIl-C^l/yfcHEMT*«3iL/ 
fc. CCHEMTS, y- FSE*>6©EnJHlSE43 V 
rFM>WI (Ids) *16 0m/\, FU-f>HE2V& 

±fjSfn-r*HEMT«ftt*it#6nfc. -r&fo+i. c© 
fiWfcttttVds* i o o v*-c*tfct-Stt&«5. 

H EMT £ bT©«M&**l*T 5 C £ lift* ^ ft. 



(4) #§B¥ 1 1 -26 1 05 3 

6 

* [00 2 4]a«Tr©C©HEMT«J6©8»Ittt. 
6 0 0an'A-sec-C*'3 > 7 7 KT©i&lilg«7 5 0 0 c 
m" /V- seci S$? tefll*^ L A:. 
[002 5] 

[89!©%*] eUiOttfHrW^ttJi^K:. *»9J© 
GaNfcHEMTI*. y- F^S^ViTlStoT t»» 
*jBC*C£#tt<. ^©GaNJfcHEMTtCtb^T 

+*;WS£©|Sg«rpnj$£8jgtU i 3MUffM& n 
10 Sf*2§i*l£©S^lfM(cmT©HDiXS)jaj^ftnT 

[0ffi©ffl#^cSiBj] 

[a i ] xmKDHEMTomm&ZKtmmm-cb 

[«Hf©BWi] 
1 

2 A^i(GaNi) 

3 iB¥WM ( iSGaNl) 
20 3 a 2^7nH^**^^ 

4 nS^sgftJl (nSI nGaNi) 

5 P§2¥zg{*JI (pSGaNI) 
S V-^mffi 

G f- Fmffi 

D K1/-/>8S 



[01 ] 



mio rHuC BLANK (USPTO) 



